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(54) RETROFOCUS LENS 

(57)Abstract: 

PURPOSE: To realize a long back focus and sufficient 
light quantity even outside an axis for a wide angle of 
view in a short projection distance and to achieve 
favorable optical performance. 

CONSTITUTION: A first lens group 1 1 having a negative 
refracting power in order from larger conjugate side and 
a second lens group 12 with positive refracting power 
are arranged so that the equation of 2.7<bf/f, 1.6<- 
e/f1<1.9, 0.5<-f1/f2<0.65 is established where a focal 
distance of the entire system is f, a distance between 
principal points of the first lens group 11 is f1, a distance 
between principal points of the second lens group 12 is 
f2, a distance between principal points of the first lens 
group 1 1 and the second lens group 1 2 is 'e' and a back 
focus when an imaging magnification on the larger 
conjugate side becomes the smallest is f bf. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] In a lens which arranges the 1st lens group which has negative refractive power in order from a 
big conjugation side, and the 2nd lens group with positive refractive power A principal point gap of f2, 
said 1st lens group, and said 2nd lens group for a focal distance of f 1 and said 2nd lens group e, [ a focal 
distance of the whole system ] [ a focal distance of f and said 1st lens group ] If distance from the last lens 
side of said 2nd lens group to the small conjugate point is set to bf when an image formation scale factor 
by the side of big conjugation becomes the smallest 2.7 -- < - bf/fl.6<-e/f 1< 1.90.5 - < -fl/£2<0.65 - a retro 
focus mold lens characterized by satisfying conditions. 

[Claim 2] The 1st lens group is the retro focus mold lens of claim 1 which consists of two sub lens groups 
separated in biggest space in this lens group, and is characterized by a sub lens group by the side of big 
conjugation having negative refractive power. 

[Claim 3] Said 2nd lens group is the retro focus mold lens of claim 1 characterized by including the 
positive lens section by which contiguity arrangement was carried out in a compound lens and this 
including a compound lens with which contiguity arrangement of said 1st lens group was carried out at a 
meniscus negative lens and this. 

[Claim 4] It is the retro focus mold lens of claim 3 characterized by for a compound lens by which 
contiguity arrangement was carried out being arranged on said meniscus negative lens and this by small 
conjugation side edge of said 1st lens group, and allotting the positive lens section by which contiguity 
arrangement was carried out at said compound lens and this to a small conjugation side edge of said 2nd 
lens group. 

[Claim 5] Said 2nd lens group is the retro focus mold lens of claim 1 characterized by including the 
positive lens section by which contiguity arrangement was carried out in a negative lens and a positive 
lens which approached, and these including a compound lens with which contiguity arrangement of said 
1st lens group was carried out at a meniscus negative lens and this. 

[Claim 6] A compound lens by which contiguity arrangement was carried out at a meniscus negative lens 
and this is a retro focus mold lens of claim 4 which is allotted by small conjugation side edge of said 1st 
lens group, and is characterized by including the positive lens section by which contiguity arrangement 
was carried out at said a negative lens and a positive lens which approached, and these. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention contains a lens especially suitable as a projection lens for 

electrochromatic display projection TV about the lens of a retro focus mold. 

[0002] 

[Description of the Prior Art] First, the configuration of the electrochromatic display projection TV 
receiving set which projects on a screen the image formed in the liquid crystal display element general to 
drawing 7 is shown. 1 injects the light collimated in the source of the white light. For a liquid crystal 
display element and 3 (3a, 3b, 3c), as for a blue reflective dichroic mirror, a green reflective dichroic mirror, 
and 7, a reflective mirror, and 4 and 5 are [ 2 (2a, 2b, 2c) / a projection lens and 8 ] screens, respectively. 
[0003] A long back focus must be secured from on the need of arranging an optical element like the prism 
for color image composition (for example, a dichroic mirror) from the last side of a projection lens before a 
liquid crystal display element (between back fccuses), under such a configuration. 

[0004] On the other hand, as a lens of the long wide angle of a back focus, the retro focus mold lens used 
as a wide angle lens for one eye reflex cameras is known. 

[0005] However, since the retro focus mold lens used for the conventional one eye reflex camera is the 
configuration that the incident angle and the angle of emergence of an axial outdoor daylight bunch 
become tight, when large image quantity uses as a lens of a required electrochromatic display TV 
projector, it has the defect that the quantity of fight in the outside of a shaft decreases. 
[0006] Moreover, in using for a rear projection TV receiving set which observes the image projected from 
the rear face of a screen, in order to miniaturize the whole equipment and to obtain a big screen, it has 
the largest possible field angle and a very short projection distance of the one half degree of a still more 
common front projector is demanded. 

[0007] And it is desirable that a projection screen size can be changed by changing projection conjugation 
length, without having a complicated drive like a zoom lens to use the whole lens as a compact as much as 
possible. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention offers the compact projection lens which has 
quantity of light sufficient also in a long back focus and the big location outside a shaft though it is an 
extensive field angle and short projection distance in this way, and moreover has good optical-character 
ability. 



[0009] 

[Means for Solving the Problem] Sequentially from a big conjugation side, it consists of a 1st lens group 

with negative refractive power, and a 2nd lens group with positive refractive power. An image formation 

scale factor is changed by two lens groups being united and moving in an optical-axis top. this - A 

principal point gap of f2, this 1st lens group, and this 2nd lens group for a focal distance of fl and this 2nd 

lens group e, [ a focal distance of the whole system ] [ a focal distance of f and this 1st lens group ] It is 

2.7<bf/f when setting distance from the last lens side of this 2nd group when an image formation scale 

factor by the side of big conjugation is the smallest to the small conjugate point to bf. (l) 

1.6<-e/f 1< 1.9 - (2) 

0.5<-fl/f2<0.65 - (3) 

Becoming conditions are satisfied. 

[0010] 

[Example] The retro focus mold lens of this invention is explained referring to a drawing below. Drawing 
2 is a lens cross section corresponding to the numerical example 2 to the numerical example 1 of this 
invention which drawing 1 mentions later. Although not illustrated, a screen shall be in a left and 
subject-copy images, such as a liquid crystal panel, shall be in the method of the right. 
[0011] They are the 1st lens group which I is located in a screen side (big conjugation side), and has 
negative refractive power, and the 2nd lens group which II is located in a liquid crystal side (small 
conjugation side), and has positive refractive power. 

[0012] And although conditional expression (l), (2), and (3) are satisfied in order to attain the object 
mentioned above, the semantics of conditional expression and the effect of a lens configuration are 
explained below. 

[0013] Although a large back focus is required for the lens used as a projection lens for the 
electrochromatic display projections TV from the need of arranging a dichroic mirror etc., in order to 
attain a very short projection distance by one side, it is necessary to strengthen refractive power of the 
projection lens whole system, and in order to attain both conditions, conditional expression (l) is set up. 
When the soffit of conditional expression can be gone down, it becomes impossible to satisfy a demand. 
[0014] By the way, when a thin meat system is considered and a back focus in case the image formation 
scale factor by the side of big conjugation becomes the smallest is set to SRS, it is SRS=(l-e/fl) -f. - (4) 
It becomes. Therefore, since the back focus FSRS of (4) types will become large if the value of -e/fl in 
conditional expression (2) becomes large, the back focus bfs in a heavy-gage system is also in the 
inclination which becomes large. However, if the value of e/fl becomes large too much exceeding the 
upper limit of (2) types, the magnitude of the lens whole system itself will become large. 
[0015] The conditions of (3) types which define the ratio of the focal distance of the 1st lens group I and 
the focal distance of the 2nd lens group II are for keeping good the magnitude, the back focus, and 
optical-character ability of the lens whole system. (3) Since the need of enlarging the principal point gap e 
to a lens overall length becomes long and the outer diameter of the 1st lens group becomes large in 
connection with it in order for it to become difficult to keep it long and to dare lengthen a back focus, since 
the configuration of a retro focus mold will become weak, if the upper limit of a formula is exceeded, it is 
not good. 

[0016] Moreover, while the image surface will become an undershirt greatly out of a shaft when the 
refractive power of the 1st lens group becomes strong too much and the image formation scale factor by 



the side of big conjugation is enlarged if the lower limit of (3) types is exceeded (when it enlarges the 
projection image high), big slack type distortion aberration occurs and the amendment becomes difficult 
at a small conjugation side. It becomes impossible therefore, to obtain a big screen in short projection 
distance which this invention means. 

[0017] Although the object is attained by fulfilling the above conditions, lens arrangement and a 
configuration which are described further below are filled with this example, and this has obtained good 
optical-character ability. 

[0018] It has one meniscus concave lens adjoined and arranged first at one compound lens and it at the 
small conjugation side of the 1st lens group. 

[0019] This compound lens consists of small concave lenses and convex lenses of a refractive-index 
difference, and is useful to amendment of the chromatic aberration on a shaft. The meniscus concave lens 
arranged by approaching has the effect which amends negative spherical aberration while obtaining a 
large back focus, without strengthening refractive power of the 1st lens group too much. 
[0020] Moreover, in the big conjugation side of the 2nd lens group, it has the convex lens of a lot and 
concave lens which approached, and one compound lens. 

[0021] This convex lens and concave lens of a lot that approached have the effect which amends the 
negative astigmatism which has the big refractive-index difference and is generated by the 1st lens group, 
and the compound lens has amended the chromatic aberration of magnification which tends to become 
large out of a shaft. 

[0022] Drawing 2 is a lens cross section corresponding to the numerical example 2. While filling said 
conditional -expression (l) - (3) with the retro focus mold lens of this example, it is characterized by having 
one meniscus concave lens adjoined and arranged at one compound lens and it at the small conjugation 
side of the 1st lens group, and having the convex lens of a lot and concave lens close to the big conjugation 
side of the 2nd lens group, and the concave lens and convex lens of a lot which approached. 
[0023] The convex lens and concave lens of a lot which are arranged at the big conjugation side of the 2nd 
lens group and which approached have amended the astigmatism which has the big refractive index 
difference and is generated by the 1st lens group. Moreover, the concave lens and convex lens of a lot with 
which the next door approached are the configuration of an air lens where an air gap becomes large as 
they go in the center of a lens, and there is an effect which amends the chromatic aberration of 
magnification and the astigmatism besides a shaft. 

[0024] Below, drawing 1 mentioned above and the numerical example corresponding to the lens of 
drawing 2 are shown. 
[0025] 
[A table l] 



f = 68.12mm, F/4.65, to = 34.6 0 

**ivmm<i>mm» 10.8-16.5 



Ri 



Di 



Ni 



v 1 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



87.34 
414.88 
62.58 
31.43 
68.66 
38.76 
79.18 
33.77 
128.71 
18.66 

- 220.25 

64.00 

- 36.48 
-4959 

12157 
-256.23 
-8856 

- 66.72 

- 202.02 
-66.04 

- 22257 

- 52.14 



1050 
050 
3.00 
7.70 
2.70 

30.63 
3.00 
2.50 
3.00 
850 

1353 

10.00 
0.40 
2.00 
857 
450 
8.00 
050 
455 
050 
7.10 



1.51633 
1 

1.77250 
1 

1.75700 
1 

1.83400 
1 

1.78590 
1.74077 
1 

1.51742 
1 

1.78590 
I 

1.84666 
1.51633 
1 

1.51633 
1 

1.51633 
1 



64.1 

49.6 

47.8 

37.2 

44.2 
27.8 

52.4 

44.2 

23.9 
64.1 

64.1 

64.1 



[0026] 
[A table 2] 



f = 67.87mm, F/4.65, <o - 34.7 0 

*aiHtMM©»*«* 102-16.5 





Ri 


Di 


Ni 


v i 


1 


90.02 


9.68 


1.51633 


641 


2 


463.24 


020 


1 




3 


61.44 


3.00 


1.77250 


49.6 


4 


32.17 


722 


1 




5 


75.46 


2.70 


1.77250 


49.6 


6 


38.89 


27.18 


1 




7 


109.33 


3.00 


1.83400 


37.2 


8 


42.60 


2.50 


1 




g 


157.34 


3.00 


1.78590 


44.2 


10 


19.18 


8.78 


1.74077 


27.8 


n 


- 383.60 


1520 


1 




12 


51.06 


10.00 


1.50137 


5a4 


13 


- 37=48 


0.18 


1 




14 


-42.60 


2.00 


1.77250 


49.6 


15 


19921 


11.03 


1 




16 


- 218.89 


4.00 


1.84666 


23.9 


17 


97.69 


0.60 


1 




18 


116.59 


7.78 


1.51633 


64.1 


19 


- 58.12 


020 


1 




20 


- 216.76 


4.84 


1.51633 


64.1 


21 


-68.48 


020 


1 




22 


-347.35 


6.73 


1.51633 


64.1 


23 


-6223 




1 





[0027] 
[A table 3] 



fl 


- 42.75 


-41.64 


f2 


72.46 


72.12 


e 


75.18 


74.73 


bf 


189.94 


189.44 | 



[0028] Drawing 3 and drawing 4 show many aberration of the numerical example 1, drawing 3 shows the 
aberration condition when making the smallest the image formation scale factor by the side of big 
conjugation, and drawing 4 shows the aberration when enlarging most the image formation scale factor 
by the side of big conjugation. Moreover, a thing when drawing 5 and drawing 6 show many aberration of 



the numerical example 2 and drawing 5 makes the smallest the image formation scale factor by the side 
of big conjugation, and drawing £ are the things when making the smallest the image formation scale 
factor by the side of big conjugation. 
[0029] 

[Effect of the Invention] According to this invention, by constituting a retro focus mold lens as mentioned 
above, though it is an extensive field angle and short projection distance, it is compact and a retro focus 
mold lens suitable as a projection lens for the electrochromatic display projections TV which has good 
optical -character ability like drawing 3 - drawing 6 can be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The lens cross section corresponding to the numerical example 1 of this invention. 
[Draw in g 2 ] The lens cross section corresponding to the numerical example 2 of this invention. 
[Drawing 31 Many aberration drawings of the numerical example 1. 

[Drawing 4] Many aberration drawings of another scale factor of the numerical example 1. 
[Drawing 51 Many aberration drawings of the numerical example 2. 

[Drawing 61 Many aberration drawings of another scale factor of the numerical example 2. 
[Drawing 7l The block diagram of a well-known color TV liquid crystal projector. 
[Description of Notations] 

11 1st Lens Group 

12 2nd Lens Group 

deltaS Sagittal image surface 
deltaM Meridional image surface 
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